Background: Traumatic paediatric arterial injuries are a great challenge due to low incidence and specific characteristics of paediatric anatomy and physiology. The aim of the present study was to investigate their epidemiology, diagnostic and therapeutic options and complications. Furthermore, the prognostic value of the Mangled Extremity Severity Score (MESS) was evaluated.
Background
Paediatric vascular injuries are rare. About 5 children with vascular lesions are treated at major U.S. trauma centers per year [1] [2] [3] [4] . In Europe, the figures are even lower. Berqvist et al. reported 34 paediatric vascular injuries in the Swedish Vascular Registry between 1987 and 1997 [5] . Huber et al. found 26 vascular lesions in childhood over a 20-years observation period [6] .
Furthermore, the study population often consists of iatrogenic and traumatic vascular injuries. Iatrogenic lesions make up one third of vascular injuries [7] [8] [9] . In addition, most authors investigate vascular injuries in children up to 18 years. In contrast, Lazarides et al. recommends focusing on children aged 13 years or younger and investigated 23 paediatric patients with arterial trauma of the extremities over a 10-years observation period [10] .
Moreover, children's vascular injuries are complicated by specific characteristics of paediatric anatomy and physiology. Vascular injuries in childhood are characterized by small and thin-walled vessels with poor tissue support and the pronounced tendency to vascular spasm. Additionally, the small intravascular volume is of great importance in the treatment of paediatric vascular lesions.
In general, due to low incidence and specific anatomic and physiological characteristics, vascular injuries in children are a great challenge for the treating surgeon in terms of diagnostics, operative treatment and perioperative management.
Especially, the question of limb salvage in children with vascular injuries confronts surgeons with major problems. In 1990, Helfet et al. developed the Mangled Extremity Severity Score (MESS) for injured lower extremities in adults [11] . This scoring system provides additional prognostic information on the probability of successful permanent limb salvage with a threshold towards limb loss at a score greater than or equal to 7 [11, 12] . The usefulness of the MESS in children has not been elucidated fully. Most of the available research on the MESS deals with adults, and only few data on paediatric injuries exist. Despite some reviews of paediatric open fractures indicating superior outcome in children compared to adults [13] [14] [15] [16] , there is only one retrospective study investigating the applicability of the MESS to children [17] . In the present study, besides epidemiology, diagnostics, therapeutic options and outcome of paediatric extremity arterial injuries, we investigated the prognostic value of MESS in children in order to contribute some valuable evidence to this issue.
Methods

Ethical approval and informed consent
The present study has been approved by the Ethical Committee of the Hannover Medical School, Germany, and has therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. Informed consent was obtained from all patients (or their relatives) included in the investigation.
Inclusion and exclusion criteria
Paediatric patients with traumatic extremity arterial injuries admitted to our Level 1 trauma center between January 1971 and December 2006 were included in the present retrospective study. Further inclusion criteria were complete documentation of all required parameters for calculation of the severity scores of vascular injuries. Presence of any of the following factors led to exclusion: age > 14 years, venous and iatrogenic vascular lesions.
Clinical Parameters
Clinical data including demographics, mechanism of injury, severity of vascular lesions (by Vollmar and MESSScore), diagnostic and therapeutic management and complications were evaluated by a review of patient files.
Specific diagnostic procedures were defined as angiography, Doppler scan, CT angio scan. Complications were documented as being present, if there was secondary vascular occlusion, stenosis, pulse diminution or secondary haemorrhage leading to revision surgery. The development of skin dystrophies or even ulcers due to mal-perfusion was also considered to be a complication.
Scoring systems
The assessment of severity of vascular injuries was performed according to the Score by Vollmar and the MESS.
Vollmar classified the severity of direct vascular injuries based on the lesion of the different structures of the vessel wall [18] . In blunt vascular injuries an isolated lesion of the Intima is classified as grade 1, a lesion of Intima and Media as grade 2 and a contusion of the whole vessel wall as grade 3. Penetrating vascular injuries are distributed into complete (grade 3) and partial transection (grade 2). If the vascular lumen is not opened, grade 1 is assumed.
In 1990 Helfet et al. [11] developed the Mangled Extremity Severity Score (MESS) for injuries to the lower extremity based on 4 parameters: skeletal/soft-tissue injury, limb ischemia, shock and age ( Figure 1 ). Shock and age are rated with a score of 0-2 each, skeletal/softtissue injury with a score of 1-4 and limb ischemia with a score of 0-3 (score doubled for ischemia > 6 h). Afterwards the scores of the different parameters are summed. The MESS score ranges from 1 to 14. Helfet et al. described that a MESS score greater than or equal to 7 had a 100% predictable value for amputation [11] . In a series of 164 severely injured lower limbs all cases with a score of seven ore more required amputation [12] . Therefore, the MESS seems to be accurate in discriminating between limbs that are salvageable and those that are unsalvageable and better managed by initial amputation [11, 12] .
Statistical analysis
Statistical analysis was performed using SPSS statistics software program (SPSS Inc., Chicago, Illinois, USA). The level of statistical significance was set at p < 0.05. Data was subjected to the χ 2 -test or student t-test as applicable. Data are presented graphically as mean ± standard error of the mean (SEM).
Results
Demographics
44 children treated at our Level I trauma center between January 1971 and December 2006, aged 2-14 years (mean age 9.0 ± 3.2 years) with traumatic extremity arterial lesions were included. 35 (79.6%) patients were male and 9 female (20.4%). The average follow-up was 1.7 ± 2.5 years. Patients were initially admitted to our Level I trauma center in 52.3%, the remaining 47.7% -mostly multiply injured children or isolated severe blunt extremity injuries -were transferred.
Mechanism and type of vascular injury
The mechanism of injury was penetrating trauma by stab or cut wounds in 31.8%, isolated severe blunt extremity trauma (29.6%), multiple trauma (25%) and supracondylar fractures of the humerus (13.6%) as demonstrated in Figure 2 .
Concerning the type of injury, we found direct vascular injuries in 97.7% with penetrating lesions in 32.6% and blunt vascular trauma in 67.4%. In one case an indirect vascular injury with a rupture of the axillary artery caused by a dislocation of the shoulder joint was seen. The type and pattern of vascular injuries are presented in Table 1 .
Location of vascular injuries
The lower extremity was affected most frequently (61.4%) followed by the upper extremity (38.6%). The most frequently injured vessel was the femoral artery (25%) followed by the brachial artery (22.7%) as demonstrated in Figure 3 .
Diagnostics
Standard diagnostic procedures like plain x-ray of the injured extremity or whole body CT scan for polytraumatized patients by mid 1990ies were applied in all cases. In 63.6% no specific vascular diagnostic procedure was performed in favour of an emergency operation. An angiography was carried out in 20.5% and a colour Doppler scan in 11.4%. In 4.5% both diagnostics were applied. Follow up diagnostics consisted of clinical examination. In case of suspected thrombosis or stenosis Doppler scan was performed followed by CT angio scan. 
Treatment
Concerning the operative treatment of vascular injuries, surgical reconstructive procedures like direct vascular repair, interposition grafts and vascular patches were preferred (30 patients, 68.2%). Vascular ligation (3 patients, 6.8%) or bypass surgery (1 patient, 2.3%) were uncommon procedures. An initial amputation of the affected extremity was performed in 3 patients. In 15.9% an adequate vascular perfusion was achieved after fracture reduction and therefore no specific vascular surgery was required. In general, adequate vascular perfusion was assessed by pulse examination and Doppler scan. A concomitant dermato-fasciotomy was performed in 7 patients (15.9%). No patient developed a compartment syndrome after the operative treatment. Further data are shown in Table 2 . Regarding postoperative anticoagulation, pharmacological treatment protocols were performed individually in every patient depending on age, severity of vascular lesions and accompanying injuries. In general, there are no guidelines for anticoagulation after paediatric vascular injuries. Basically, the same standards should be applied as in adults containing low-dose heparin and platelet aggregation inhibitor for 3 months.
Complications
In 81.8% no post operative complications were found. Vascular thrombosis or stenosis and secondary peripheral ulcers could be observed in 13.6% and 4.5% respectively. No secondary haemorrhage requiring revision surgery was noted in our patients. In the present study 3 patients (6.8%) died during their hospital stay. All nonsurvivors were patients with multiple trauma.
Severity of vascular injuries, outcome and prognostic value of MESS
The mean MESS was 5.0 with a range from 1 to 12 points. Figure 4 shows the distribution of the vascular severity grading by Vollmar and the MESS. Initial limb salvage was performed in 41 patients (93.2%) and definite limb salvage was achieved in 36 patients (81.8%). Depending on the mechanism of injury, there are significant differences between patients concerning MESS and limb salvage. According to the MESS, vascular lesions in isolated blunt extremity trauma (5.5 ± 2.3) and multiple trauma (7.0 ± 2.4) were much more severe than arterial injuries caused by penetrating lesions (3.5 ± 2.0) and supracondylar fractures (3.7 ± 1.6). Therefore, limb salvage was more often achieved in penetrating lesions and supracondylar fractures (Table 2) . Furthermore, there were significant differences between upper and lower extremity injuries between patients concerning MESS and limb salvage. With an average MESS of 3.3 ± 1.4 vs. 6.1 ± 2.6 injuries of the lower extremity were much more severe than lesions of the upper extremity (p < 0.05). Accordingly, there was no MESS ≥ 7 in patients with an injury of the upper extremity. The initial and definite limb salvage of the upper extremity (n = 17) was achieved in all patients. Concerning the lower extremity (n = 27), there was a significant association of initial (p < 0.05) and definite (p < 0.001) limb salvage and MESS ( Figure 5 ). In all patients with a MESS < 7 (n = 15), the lower extremity was salvaged. In contrast, patients with a MESS ≥ 7 of the lower extremity (n = 12) underwent initial amputation in 25% (n = 3). A definite salvage of the lower extremity was achieved in 33.3% (n = 4) when the MESS was greater than or equal to 7.
Discussion
Due to low incidence and specific anatomic and physiological characteristics, vascular injuries in children are a great challenge in terms of diagnostics, operative treatment and perioperative management. Furthermore, the question of limb salvage in children with vascular injuries confronts surgeons with major problems. The aim of the present study was to investigate the epidemiology, diagnostic and therapeutic options and complications in traumatic extremity paediatric vascular injuries and to evaluate the prognostic value of the Mangled Extremity Severity Score (MESS). The major findings were that 1) traumatic extremity paediatric vascular injuries are very rare even at a Level I trauma center, 2) that the most common situations of traumatic vascular lesions in childhood were penetrating injuries and fractures of the extremities either as isolated injuries or in multiply injured patients, and 3) that the MESS could serve as a basis for decision making for limb salvage or amputation in paediatric patients.
We are aware that our study has some limitations. One of the most important limitations is the study design as a retrospective review of a consecutive case series over a long time period. Due to the low incidence of paediatric vascular injuries [1] [2] [3] [4] [5] [6] , a long observation span is always needed in order to create an adequate study population. In the present study only traumatic arterial lesions were enrolled. Therefore venous and iatrogenic vascular injuries were excluded. Because an age ≤ 14 years is more adequate for a paediatric population children older than 14 years were also excluded. Although an additional long observation period is caused, these exclusion criteria make the present study very unique. Most of the current studies investigate mixed patient populations of children and young adults aged up to 18 years with iatrogenic and traumatic injuries [8] . In contrast, Lazarides et al. observed vascular injuries of the extremities over a 10-years study period in children aged 13 years or younger [10] . But again, iatrogenic as well as traumatic arterial injuries were included in this study [10] . Bearing in mind that iatrogenic lesions make up one third of vascular injuries [7] [8] [9] [10] our study represents a large series of 44 traumatic arterial injuries.
In accordance to the current literature [19] [20] [21] , the most common situations of paediatric vascular lesions in the present study were penetrating injuries (31.8%) and either isolated fractures of the extremities or in polytraumatized patients. With 34.8% penetrating lesions Lazarides et al. reported comparable figures [10] . Due to a high rate of gun shot wounds (70.8%) penetrating vascular injuries were observed much more often (91.7%) in a study of De Virgilio et al. at a major U.S. trauma center [1] . In our study there were no gun shot injuries. The vast majority was due to stab and cut wounds. Humeral supracondylar fractures with vascular lesions were rare in our study population (13.6%). The incidence of neurovascular complications in supracondylar fractures is up to 24% [22, 23] . Due to good vascular collateralisation at the upper extremity [24, 25] , an obstruction of the brachial artery sometimes does not become clinically apparent. In a series of 143 supracondylar fractures Shaw et al. reported an ischemia at presentation in 12% [26] . A remaining ischemia after fracture reduction was observed in three cases (2.1%). In general, persistent ischemia after reduction of supracondylar fractures is rare [27] [28] [29] . Accordingly, in the present study an adequate vascular perfusion was achieved after fracture reduction in 66.7% of supracondylar fractures. Good vascular collateralisation and commonly achieved vascular reperfusion after fracture reduction maybe explain why vascular injuries are often not registered in supracondylar fractures.
In accordance to De Virgilio et al., who reported an affection of the lower extremities in 64.6% and the upper extremity in 35.4% [1] , in the present study the lower extremity was affected most frequently followed by the upper extremity. Lazarides et al. observed an almost equal distribution between upper (56.5%) and lower extremity (43.5%) [10] . In contrast to the current literature [10, 30] , in our study population the brachial artery (22.7%) was affected less frequently than the femoral artery (25%) caused by the lower incidence of supracondylar fractures.
In the present study, most patients (63.6%) received no specific vascular diagnostics, especially patients with supracondylar fractures, penetrating injuries and isolated blunt extremity trauma. In contrast, vascular diagnostics were performed in 72.7% of multiple trauma patients. Because of subsequent potential deterioration in multiple trauma patients, the preoperative examination of vascular lesions might be of special interest in order to avoid long surgical procedures with intraoperative evaluation of vascular injuries. In penetrating injuries and isolated blunt extremity trauma the danger of subsequent deterioration due to the second hit of the operative procedure is negligible. Furthermore, routine surgical revision of the soft tissues is required and the intraoperative examination of vascular lesions is probably easily performed. This might explain the higher rate of vascular diagnostics in multiple trauma patients. The fact that no vascular diagnostics were performed in supracondylar fractures could be explained by the frequent clinical inapparence at the time of admission as described above [24] [25] [26] .
Compared to current studies, which report limb salvage rates of 87-100% in paediatric vascular injuries [1, 10] , a limb salvage was achieved less frequently (81.8%) in the present study. Due to the exclusion of venous and iatrogenic lesions, the severity of vascular injuries might be higher in our study population explaining the lower limb salvage rate. This might be also the explanation for the higher rate of postoperative complications with vascular occlusion (13.6%) and secondary peripheral ulcers (4.5%) compared to a study of Lazarides et al. who observed none of these complications after surgical repair or medical treatment of 23 children with arterial trauma of the extremities [10] . In a series of 550 adult patients with traumatic lower limb arterial injuries Hafez et al.
reported a failure rate of 8% after surgical vascular repair indicating the more sophisticated surgical procedures in children [31] .
The prognostic value of the MESS in children remains questionable as most of the available studies dealt with adults. A 100% predictable value of a MESS score greater [17] .
In the present study, we found comparable limb salvage rates of the lower extremity (n = 27). Definitive limb salvage was achieved in 33.3%, when the MESS was greater than or equal to 7, whereas the affected extremity could be salvaged in 100% in children with a MESS < 7. Unlike adults, in whom initial amputation rates of 43-46% are reported [12, 32] , in our study a primary amputation in children with a MESS ≥ 7 was performed less frequently (25%). In summary, the MESS could serve as a basis for prediction of limb salvage in children. But it has to be pointed out, that according to our results in one third of the children with a MESS ≥ 7 a limb salvage could be achieved. Therefore, the decision for limb salvage or primary amputation has to be made individually. Furthermore, the present study is limited by the number of patients and its retrospective design. Especially, the retrospective application of the MESS to the treatment of paediatric vascular injuries before the development of the score in 1990 is a weakness. Moreover, in the MESS age is not really pertinent as it remains a constant. Additionally, many of the included children were managed before modern diagnostic and therapeutic methods were developed. Advances in imaging and operative treatment of vascular and soft tissue injuries have undoubtedly influenced limb outcomes after trauma. In a prospective study with an increased MESS threshold for primary amputation (MESS ≥ 10), Lin et al. reported a successful limb salvage in 75% [33] . In general, further studies analysing a larger patient population by prospective -preferably randomized controlled -study design are required in order to validate the results of the present study.
Conclusions
Traumatic paediatric vascular injuries are rare, even in a large Level I trauma center. The most common situations of vascular lesions in childhood were penetrating injuries and either isolated fractures of the extremities or extremity injuries in polytraumatized patients. Supracondylar fractures with vascular lesions were rare in our study population. Initial reconstructive surgery was by far the most common treatment strategy for our patients, even though sophisticated surgical technique is required. Furthermore, in our retrospective evaluation of paediatric patients, the MESS seems to be suitable to aid in decision making for limb salvage or amputation. Further studies analysing a larger patient population by prospectivepreferably randomized controlled -study design are required in order to validate the results of the present study.
